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SPECIFICATION 

METHOD FOR PRODUCING A SINGLE CRYSTAL AND SILICON 

SINGLE CRYSTAL WAFER- — 

Technical Field 

The present invention relates to a method for 
producing a single crystal that is used in 
semiconductor device production, particularly 
relates to a method for producing by Czochralski 
method a silicon single crystal with extremely 
high quality in which density of grown-in defects 
is small and a concentration of heavy metal 
impurity such as Fe in a peripheral part is 
reduced. 

Background Art 

It is remarkable that semiconductor integrated 
circuit devices have been highly integrated and 
therewith developed to be finer. For improving 
process yield of . device production, there is 
strong requirement for enlargement in size and 
higher quality of a wafer used as a substrate. 
Items which relate to crystal quality such as 
oxygen concentration of a substrate and heavy 
metal impurity affect property of a semiconductor 
integrated circuit device (See, Ultra Clean 
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Technology Vol. 5 NO 5/6 "heavy-metal 
contamination and oxide-film defects of a silicon 
wafer") , particularly it has been reported that 
dielectric breakdown strength of a gate oxide film 
of MOS is degraded by heavy-metal contamination 
such as Fe, and the like. Moreover, in the case 
that a silicon single crystal is contaminated by 
heavy metal, this has a great influence on 
lifetime of minority carriers and has 
possibilities of causing. problems in property of 
the semiconductor integrated circuit device. 

Moreover, in particular, as an important point 
for improving process yield in device production 
in recent years, improvement of device yield in a 
peripheral part of a wafer has become a problem. 
Therefore, it has become important to reduce 
contamination of heavy metal such as Fe in the 
peripheral part of a wafer. As a cause of the 
heavy-metal contamination of a single crystal, 
there is impurity mixed in melt. And, it was 
recently found that Fe (iron) released from a gas 
flow-guide cylinder and such adheres to a single 
crystal during the pulling. 

In CZ method, in particular, in the case that 
a silicon single crystal having a large diameter 
of 200 mm or more is grown, there is frequently 
used an apparatus in which a gas flow-guide 
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cylinder so as to surround the single crystal 
pulled from a raw material melt is disposed. The 
gas flow-guide cylinder is also important for 
straightening flow of an inert gas provided in a 
chamber during the growth and efficiently 
exhausting out of the furnace a silicon oxide that 
evaporates from the melt. As a general gas flow- 
guide cylinder, a carbon material such as a 
graphite member is used and disposed to be close 
to a crystal by a distance in the range of 10 mm 
to 200 mm from the crystal or further by a 
distance of 10 to 100 mm. Moreover, as material 
of the gas flow-guide cylinder, high melting point 
metal such as tungsten or molybdenum is 
occasionally used. Furthermore, in the case that 
an appropriate cooling medium is used, stainless 
or copper can be used as material of the gas flow- 
guide cylinder. 

However, if a heavy-metal component such as Fe 
is released from the gas flow-guide cylinder, it 
adheres to a crystal surface during the growth, 
and Fe is diffused toward the crystal center from 
the crystal periphery along with the later growth 
in a cooling process from an ultra high 
temperature during the crystal growth to a room 
temperature, particularly metal contamination is 
occasionally caused in the peripheral part of the 
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crystal . 

As measures for heavy-metal contamination 
caused by the gas flow-guide cylinder as described 
above, it has been proposed that a surface of the 
gas flow-guide cylinder is coated by a high-purity 
coating film of pyrolytic graphite that a Fe 
concentration is suppressed to be very low, or the 
like (see, International Publication WO 01-81661). 
By coating a surface of a gas flow-guide cylinder 
as described above, release of a Fe component from 
the gas flow-guide cylinder can be suppressed and 
Fe concentration even in a peripheral part of a 
grown single crystal can be suppressed to be low. 

On the other hand, as devices become highly 
integrated in recent years, it is also demanded to 
reduce grown-in defects such as FPD, LSTD, and COP 
in a wafer. Grown-in defects are defects caused 
by single crystal growth which are induced in a 
crystal during growth when a silicon single 
crystal is grown by CZ method. 

Hereinafter, there will be described relation 
between a pulling rate when a silicon single 
crystal is grown by CZ method and defects in the 
silicon single crystal to be grown. It is known 
that in the case that a growth rate V is changed 
from a high speed to a low speed in the direction 
of the crystal axis by a CZ pulling apparatus, a 
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cross-section in an axial direction of the single 
crystal can be obtained as a defect distribution 
view as shown in Fig. 8. 

V region in Fig. 8 is a region having a number 
of Vacancies, i.e. concave parts generated by 
silicon atom shortage, such as holes. I region is 
a region having a number of dislocations or a 
number of bodies of excess silicon atoms which are 
generated by existence of Interstitial-Si, which 
is an excess silicon atom. Neutral region (N 
region) having no or little shortage or excess of 
atoms exists between the V region and the I region. 
Moreover, defects, which are referred to as OSF 
(Oxidation Induced Stacking Fault) in the vicinity 
of a boundary of the V region, are distributed in 
a ring shape (OSF ring) when viewed in a cross- 
section in a vertical direction to crystal growth 
axis (in a surface of the wafer) . 

In the case that the growth rate is relatively 
high, grown-in defects such as FPD, LSTD, and COP 
originated from voids that vacancy-type 
point defects aggregate exist at high density in 
the entire region in the radial direction of a 
single crystal and the region that these defects 
exist becomes V region. As the growth rate 
becomes lower, OSF ring is generated from the 
crystal periphery and N region is generated in the 
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outside (the lower rate side) of the ring. 
Furthermore, if the growth rate is low, the OSF 
ring shrinks to the center of the wafer and 
disappears and the entire plane thereof becomes N 
region. If the growth rate is further lower, L/D 
(Large Dislocation: general designation of 



LFPD) defects (large dislocation clusters), which 
are thought to be originated from dislocation 
loops that interstitial silicones aggregate, exist 
at low density and the region that these defects 
exist becomes I region (occasionally referred to 
as L/D region) . 

N region outside the OSF region between the V 
region and the I region becomes a region having 
low defect density, in which there exist neither 
FPD, LSTD, and COP that are originated from 
vacancies, nor LSEPD and LFPD that are originated 
from interstitial silicones. In recent days, it 
has been found that if the N region is further 
categorized, as shown in Fig. 8, there are Nv 
region (a region where vacancies exist 
predominately) next to the outside of the OSF ring 
and Ni . region (a region where interstitial 
silicones exist predominately) next to I region. 
When thermal oxidation treatment is performed, in 
the Nv region, amount of precipitated oxygen is 




dislocation loop 



such as LSEPD or 



rich, and in the Ni region, amount of precipitated 
oxygen is little. 

In recent years, in CZ method, by setting 
growth rate of a crystal to be low or by setting a 
structure inside a furnace of the CZ pulling 
apparatus for gradual cooling of the crystal, it 
has become possible to produce a silicon crystal 
with low defect density in the entire crystal. 

For example, there is proposed a method that 
by controlling thermal history during crystal 
growth, point defects are reduced (See, "Japanese 
Patent Application Laid-open (kokai) No. 9-202684, 
and No. 7-41383) . Moreover, by controlling V/G, 
which is a ratio of a pulling rate (V) to an axial 
temperature gradient (G) at a solid-liquid 
interface in a crystal, it has become possible to 
produce a crystal that N region is expanded in the 
horizontal entire plane (the entire plane of a 
wafer) (See, Japanese Patent Application Laid-open 
(kokai) No. 8-330316 and No. 11-147786). 

In the case that a crystal with low defect 
density is grown as described above, for improving 
process yield of device production, it is also 
important to reduce contamination of heavy metal 
such as Fe . 

However, when a silicon single crystal having 
low defect density is produced, even if there is 
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used a gas flow-guide cylinder coated with a 
coating film that Fe concentration is extremely 
low as described above, Fe concentration in a 
peripheral part of the crystal cannot be 
suppressed to be sufficiently low, and it has been 
difficult to make 1 x 10 10 atoms/cm 3 or less like 
demands in recent years. Therefore, there has 
been a problem that process yield becomes low in 
the production of semiconductor devices after that. 

Moreover, as a method for producing a silicon 
single crystal having low defect density with Fe 
contamination suppressed, there has been proposed 
a method that raw material is cleaned with fluoric 
acid and such, and a single crystal ingot is 
pulled by a constant rate (a solidifying rate) 
from a melting raw material. Furthermore, after 
chunked or grained, this is cleaned and melted 
again, and thereafter a silicon single crystal is 
grown by controlling V/G (See, Japanese Patent 
Application Laid-open (kokai) No. 2000-327485) . 
According to such a method, it is supposed that 
there can be grown a silicon single crystal having 
no grown-in defects which Fe concentration is 
reduced to be 2 x 10 9 atoms/cm 3 or less. 

However, in a method for growing a silicon 
single crystal wherein Fe concentration is reduced 
by repeating the cleaning of raw material, the 
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melting, and the pulling as described above, cost 
significantly increases because pulling is 
performed twice or more. Even if such a method is 
used, there is a problem that there cannot be 
avoided Fe contamination caused by a gas flow- 
guide cylinder during growth. 

Disclosure of the Invention 

Accordingly, the present invention was 
conceived in view of the above problems. A main 
object of the present invention is to provide a 
method for producing a single crystal, wherein in 
the case that a single crystal is produced by an 
apparatus having a gas flow-guide cylinder in 
accordance with CZ method, the single crystal has 
low defect density and Fe concentration can be 
suppressed to be 1 x 10 10 atoms/cm 3 or less even in 
a peripheral part thereof. 

In order to accomplish the above object, 
according to the present invention, there is 
provided a method for producing a single crystal 
in accordance with Czochralski method by flowing 
an inert gas downward in a chamber of a single 
crystal-pulling apparatus and surrounding a single 
crystal pulled from a raw material melt with a gas 
flow-guide cylinder, wherein when a single crystal 
within N region outside OSF region generated in a 
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ring shape in the radial direction of the single 
crystal is pulled, the single crystal within N 
region is pulled in a condition that flow amount 
of the inert gas between the single crystal and 
the gas flow-guide cylinder is 0.6 D (L/min) or 
more and pressure in the chamber is 0.6 D(hPa) or 
less, in which D (mm) is a diameter of the single 
crystal to be pulled. 

If the single crystal within N region is 
pulled in a condition that flow amount of the 
inert gas between the single crystal and the gas 
flow-guide cylinder is 0.6 D (L/min) or more and 
pressure in the chamber is 0.6 D(hPa) or less as 
described above, metal components such as Fe 
released from the gas flow-guide cylinder is 
induced to exhaust out of the chamber with the 
inert gas, Fe adhering to a surface of a crystal 
can be significantly reduced. Therefore, in 
accordance with such a method, there can be 
produced a high-quality single crystal, wherein as 
well as a single crystal has low defect density, 
Fe concentration can be suppressed to be 1 x 10 10 
atoms/cm 3 or less in a peripheral part thereof as 
required in recent years . 

In addition, a gas flow-guide cylinder 
mentioned in the present invention is not limited 
to one for straightening flow of an inert gas but 
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is used as a generic term of all members disposed 
so as to surround a pulled single crystal above 
the melt surface, such as a heat-insulating member, 
a heat shield screen, and a cooling cylinder which 
are disposed for controlling the temperature 
dis t r ibut ion, in the furnace. 

Moreover, in the present invention, it is 
preferable that the single crystal to be pulled is 
a silicon single crystal. 

Because a silicon single crystal has been 
demanded highly and growth using a gas flow-guide 
cylinder is frequently performed, the present 
invention becomes particularly effective. 

Moreover, the diameter of the single crystal 
to be pulled is 200 mm or more. 

A silicon single crystal having a diameter of 
200 mm or more, particularly 300 mm is produced, 
and also in the case that a single crystal having 
such a large diameter is grown, it is necessary 
that Fe concentration is suppressed to be 1 x 10 10 
atoms/cm 3 or less in a peripheral part thereof. 
However, in the case that a single crystal having 
a large diameter is grown, the possibility that 
the crystal is contaminated with Fe becomes high 
because the pulling rate is lower. Accordingly, 
in accordance with the present invention, by 
suppressing Fe contamination effectively and 
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growing a single crystal having a large diameter, 
high-quality single crystals having a large 
diameter can be produced at high productivity. 

It is preferable that the single crystal 
within N region is pulled by using the gas flow- 
guide cylinder that Fe concentration is 0.05 ppm 
or less, at least, in a surface thereof. 

If a single crystal is pulled according to the 
present invention by using the gas flow-guide 
cylinder that Fe concentration is extremely 
reduced, Fe-releasing from a gas flow-guide 
cylinder can be more reduced and a single crystal 
with extremely high quality can be obtained. 

Furthermore, according to the present 
invention, a single crystal produced by the method 
described above is provided. And, from this 
single crystal, there is provided a silicon single 
crystal wafer having a diameter of 200 mm or more 
produced in accordance with Czochralski method, 
wherein the wafer is occupied by N region outside 
OSF region generated in a ring shape in the radial 
direction of a single crystal, and Fe 
concentration of the entire plane in the radial 
direction including a peripheral part of the wafer 
is 1 x 10 10 atoms/cm 3 or less. 

A singe crystal produced by a method of the 
present invention becomes a single crystal with 



12 



extremely high quality, wherein the single crystal 
has low defect density and Fe concentration can be 
suppressed to be low even in a peripheral part 
thereof. In particular, if wafers are produced 
from a silicon, single crystal as described above 
and used as a substrate for semiconductor devices, 
yield of devices in a peripheral part of the wafer 
can be improved* 

According to the present invention, there can 
be produced a single crystal within N region 
having low defect density and prevented from being 
Fe-contaminated even in a peripheral part thereof. 
Moreover, a single crystal having high uniformity 
with regard to lifetime distribution in a plane 
thereof can be obtained. If semiconductor 
integrated circuit devices are produced by using 
wafers obtained from such a single crystal, 
process yield can be improved. 

Brief Explanation of the Drawings 

Fig. 1 is a schematic- view showing an example of a 
single crystal-pulling apparatus. 

Fig. 2 is a graph showing relation between flow 
amount, of Ar gas and Fe contamination in a peripheral 
part of a wafer. 

Fig. 3 is a graph showing relation between 
pressure in a chamber and Fe contamination in a 
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peripheral part of a wafer. 

Fig. 4 is a Fe concentration map in a plane of 
a silicon wafer produced in Example 1. 

Fig. 5 is a Fe concentration map in a plane of 
a silicon wafer produced in Example 2. 

Fig. 6 is a Fe concentration map in a plane of 
a silicon wafer produced in Comparative Example 1. 

Fig. 7 is a Fe concentration map in a plane of 
a silicon wafer produced in Comparative Example 2. 

Fig. 8 is a view showing relation between growth 
rate and defect distribution of a single crystal grown 
according to CZ method. 

Best Mode for Carrying out the Invention 

Hereinafter, a method for producing a silicon 
single crystal according to the present invention 
will be concretely explained in detail with 
reference to appended drawings. However, the 
present invention is not limited to this. 

The present inventors made diligent studies 
with regard to Fe contamination of a silicon 
single crystal grown by CZ method, and the 
following was found. If a crystal growth rate is 
high, . probability of a Fe component adhering to a 
crystal surface is low, and even if the component 
adheres, Fe contamination can be suppressed 
because time of the component diffusing inside the 
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crystal is short. However, in the case that a 
crystal with low defect density whose entire 
crystal is to be N region is produced, even if a 
gas flow-guide cylinder in which Fe concentration 
is reduced is used, because the growth rate is 
slow and thermal history at a high temperature is 
long, particularly in the case of growing a single 
crystal having a large diameter of 200 mm or more, 
probability of the component adhering to the 
crystal surface is high due to the growth rate 
becoming lower, and small amount of adhering Fe 

diffuses inside the crystal and Fe contamination 

.- *■* 

is caused in a peripheral part. 

Accordingly, the present inventors thought 
that even in the case of growing a single crystal 
having a large diameter and low defect density, Fe 
adhering to a surface of a single crystal during 
growth could be reduced by increasing flow amount 
of a gas, even in a silicon single crystal having 
low defect density with long thermal history, Fe- 
diffusing amount toward the crystal center would 
be small and Fe contamination in a peripheral part 
could be effectively suppressed. 

More analysis was performed in detail. It was 
found that if the single crystal within N region 
is pulled in a condition that flow amount of the 
inert gas between the single crystal and the gas 
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flow-guide cylinder is 0.6 D (L/min) or more and 
pressure in the chamber is 0.6 D(hPa) or less, in 
which D (mm) is a diameter of the single crystal 
to be pulled, the single crystal has low defect 
density and Fe concentration can be suppressed to 
be 1 x 10 10 atoms/cm 3 or less even in a peripheral 
part thereof. Accordingly, the present invention 
has been accomplished. 

Fig.l shows a schematic view of an example of 
a single crystal-pulling apparatus that can be 
suitably used in the present invention. The 
single crystal-pulling apparatus 11 has crucibles 
(a quartz crucible 5 and a graphite crucible 6) 
containing a silicon molten liquid (melt) 2 in a 
chamber 1, a heater 7 is disposed around the 
crucibles 5, 6, and furthermore, a heat-insulating 
member 8 is disposed in an outer circumference 
thereof. Moreover, at a upper part of the 
apparatus 11, there is provided a gas -introducing 
duct 9 for introducing an inert gas such as Ar 
during growth and a flow-amount adjusting valve 18. 
And, at a bottom part, a gas -exhaust ing duct 10 is 
provided . 

Above the crucibles 5, 6, a cylindrical gas 
flow-guide cylinder 4 surrounding a pulled single 
crystal 3 is disposed, and furthermore an outer 
insulating member 14 having a ring shape is 
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provided at a bottom thereof. 

In addition, with regard to the gas flow-guide 
cylinder 4 and the outer insulating member 14 that 
are used in the present invention, it is 
preferable that ones having as small ' heavy-met al 
components like Fe as possible are used. In 
particular, it is preferable that ones , in which Fe 
concentration is 0.05 ppm or less, at least, in a 
surface thereof are used. For example, the gas 
flow-guide cylinder on which a pyrolytic graphite 
coating film with high purity having a Fe 
concentration of 0.05 ppm or less is formed can be 
suitably used. 

If such a pulling apparatus 11 is used, 
difference between temperature gradient Gc [°C/cm] 
in the central part of the crystal and temperature 
gradient Ge [°C/cm] in a peripheral .part of the 
crystal becomes small. For example, temperature 
in the furnace can also be controlled so that the 
temperature gradient in the peripheral part of the 
crystal is lower than that in the crystal center. 

In addition, an inner heat-insulating member 
may be also provided inside the gas flow-guide 
cylinder 4, or MCZ method may be used that a 
magnet is placed outside the chamber 1 and 
magnetic field is applied to a silicon melt 2 in a 
horizontal direction, a vertical direction, or the 
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like . 

When a single crystal is grown, a seed crystal 
13 is held by a holder 12 and silicon polycrystal 
material with high purity is heated at a melting 
point (about 1420 °C) or more and melted in the 
crucibles 5, 6. By winding a wire 15 off, a tip 
end of the seed crystal 13 is contacted or 
immersed with about the central part of the 
surface of the melt 2. After then, along with 
rotating the crucibles 5, 6 and rotating the wire 
15, the wire is slowly rewinded. Thereby, growth 
of a single crystal following the seed crystal 13 
is initiated, and thereafter a single crystal 
ingot 3 having about a columnar shape can be 
pulled by controlling the pulling rate and the 
temperature appropriately. 

In addition, during the growth, an inert gas 
such as Ar is introduced from the gas -introducing . 
duct 9, flowed downward in the chamber 1, passed 
between the pulled single crystal 3 and the gas 
flow-guide cylinder 4, and thereafter exhausted 
with a vacuum pump 17 through the exhaust duct 10. 
At this time, flow amount of the introduced gas 
can be regulated by adjusting the valve 18, and 
pressure in the furnace can be regulated by 
adjusting open degree of a valve 16. 

For pulling a single crystal having low defect 
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density and particularly within N region outside 
OSF region generated in a ring shape in the radial 
direction thereof, for example, a single crystal 
may be pulled by controlling to be a growth rate 
(a pulling rate) between the growth rate of the 
boundary that OSF region generated in a ring shape 
disappears in. the case of gradually reducing a 
growth rate from a high rate to a low rate and the 
growth rate of the boundary that interstitial 
dislocation loops are generated in the case of 
more reducing a growth rate gradually. 

If a single crystal is grown as described 
above, a single crystal within N region outside 
OSF region can be pulled. However, in the case 
that a single crystal is grown as described above, 
there is tendency that a pulling rate is 
relatively slow and thermal history at a high 
temperature becomes long. Therefore, if a Fe 
component released from the gas flow-guide 
cylinder and such adheres to a surface of the 
single crystal during growth, Fe is diffused 
inward in the crystal and Fe contamination in a 
peripheral part of the single crystal is easily 
caused . 

Accordingly, in the present invention, the 
above-described single crystal within N region is 
pulled in a condition that flow amount of the 
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inert gas between the single crystal and the gas 
flow-guide cylinder is 0.6 D (L/min) or more and 
pressure in the chamber is 0.6 D(hPa) or less, in 
which D (mm) is a diameter of the single crystal 
to be pulled. If during the growth, for example, 
Ar gas is introduced with flow amount according to 
a diameter of the crystal and flowed downward and 
additionally adjusted to have a pressure according 
to a diameter of the crystal as described above, 
even if a metal component such as Fe is released 
from the gas flow-guide cylinder, the component 
with the Ar gas is induced to exhaust out of the 
furnace. Therefore, Fe and such adhering to the 
single crystal surface during growth is greatly 
reduced. Even if thermal history at a high 
temperature is long, Fe diffusing inward in the 
crystal can be prevented. As a result, there can 
be produced a silicon single crystal wherein Fe 
concentration is extremely reduced even in a 
peripheral part of the crystal. 

Fig. 2 shows relation between flow amount of 
Ar gas in growth of a silicon single crystal 
within N region and Fe concentration (average 
values of detected values) in a peripheral part of 
a silicon wafer produced from the grown single 
crystal . 

Using a pulling apparatus such as Fig. 1, the 
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present inventors adjusted the valve of the vacuum 
pump to set the pressure in the chamber to be 
constant (150hPa), variously altered the flow 
amount of Ar gas flowed downward in the chamber, 
and grew a silicon single crystal within N region 

(having a diameter of 300 mm) . From each of the 
grown single crystals, through steps of slicing, 
chamfering, lapping, mirror-polishing, and such, 
silicon mirror wafers were produced.. Then, Fe 
concentrat ion was measured in a peripheral part 

(10 mm from an extreme periphery, 10 points) of 
the obtained silicon wafer. 

As shown in Fig. 2, it is found that as flow 
amount of Ar gas is larger, Fe concentration tends 
to decrease. In particular, by performing growth 
with setting the flow amount of Ar gas to be 0 . 6 D 
= 180 (L/min) or more, Fe concentration can be 
suppressed to be 1 x 10 10 atoms/cm 3 or less. 

Furthermore, Fig. 3 shows relation between 
pressure change in a chamber (in a furnace) and Fe 
concentration in a peripheral part of the crystal 
when flow amount of Ar gas is constant, 120 L/min 

(corresponding to 0 . 6 D) , in the case of growing a 
singe crystal within N region (a diameter D = 200 
mm) . 

As shown in Fig. 3, it is found that as 
pressure of Ar gas in- a chamber is smaller, Fe 
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concentration is lower. In particular, Fe 
concentration of 1 x 10 10 atoms/cm 3 or less can be 
attained if the pressure in the chamber is 0.6 D = 
120 (hPa) or less. 

A silicon single crystal produced according to 
the present invention as described above can be a 
high-quality single crystal that as well as the ' 
crystal is within N region in which grown-in 
defects does not exist or are extremely reduced, 
Fe concentration of the entire plane in the radial 
direction including a peripheral part of the 
single crystal can be suppressed to be 1 x 10 10 
atoms/cm 3 or less. Therefore, if semiconductor 
device production is performed by using this as a 
substrate, yield in a peripheral part of the 
substrate is improved, and reduction of production 
cost as well as improvement of process yield can 
be accomplished. 

In addition, it is desirable that the flow 
amount of an inert gas is larger in the present 
invention because Fe concentration can be reduced. 
However, it is not preferable that the flow amount 
is too large because gas is wasteful, the grown 
single crystal is shaked, the melt surface is 
ruffled, and so forth. Therefore, preferably it 
is about 10 D or less. Moreover, it is desirable 
that the pressure is lower because Fe 
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concentration can be reduced. However, if the 
pressure is too low, degradation of the used 
quartz crucible is intensified. Therefore, it is 
preferable that the pressure is 0.01 hPa or more, 
more preferably, 0.1 hPa or more. 

Hereinafter, according to the present 
invention, Examples and Comparative Example will 
be explained. 
(Example 1) 

In a single crystal-pulling apparatus as shown 
in Fig. 1, after 120 kg of polycrystalline silicon 
was charged in a quartz crucible having a diameter 
56 cm and melted, a seed crystal having a <100> 
plane was immersed in the silicon melt, and 
through a necking step, there was grown a silicon 
single crystal having a diameter of D = 200 mm 
within N region which is doped with boron so that 
the resistivity thereof becomes 10 Qcm. As a gas 
flow-guide cylinder, there was used a body 
consisting of graphite material, on which a 
pyrolytic graphite coating film of high purity 
having a Fe concentration of 0.05 ppm or less was 
formed by CVD method. 

In addition, the growth rate was about 0.5 
mm/min, Ar gas was flowed downward along with 
adjusting the flow amount to 140 L/min 
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(corresponding to 0.7 D) and the pressure in the 
furnace to 120 hPa (corresponding to 0.6 D) during 
the growth. 

From the grown silicon single crystal, silicon 
wafers were produced through such general 
processes required for producing industrially 
silicon wafers as cylindrically grinding, slicing, 
lapping, and polishing. Fe distribution in a 
plane of the. wafer was measured. 

In addition, the Fe concentration measurement 
of the wafer was performed by SPV method (Surface 
Photo-voltage Method) . Fe solid-solubilized in 
the boron-doped silicon single crystal was 
stabilized in a FeB form by binding to boron, 
which is a dopant, in a room temperature. Binding 
energy of FeB is about 0.68 eV and most of FeB is 

dissociated into Fei at about 200 °C . Fei form a 
deep level and therefore functions as a 
recombination center of minority carriers and 
depresses diffusion length of minority carriers. 
That is, the diffusion length of minority carriers 

is long before heat treatment at about 200 °C, 
however because Fei functions as recombination 
centers of minority carriers after the heat 
treatment, the diffusion length of minority 
carriers is shortened. Fe concentration can be 
measured by measuring difference between the 
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diffusion length. 

As a result, a Fe concentration map in a plane 
as shown in Fig. 4 could be obtained. It was 
confirmed that Fe concentration was 1 x 10 10 
atoms/cm 3 or less in- the entire surface of the 
wafer, particularly there was not such Fe 
contamination as Fe concentration being more than 
1 x 10 10 atoms/cm 3 even in a peripheral part 
thereof. 

(Example 2) 

A silicon single crystal was grown by a same 
manner as Example 1 except for the pressure in the 
chamber being 80 hpa (corresponding to 0.4 D) . 
And there was measured Fe distribution in the 
peripheral part of the wafer produced from the 
obtained silicon single crystal. The measurement 
result shown in Fig. 5 was obtained and it was 
confirmed that there was not such Fe contamination 
as a Fe concentration of more than 1 x 10 10 
atoms/cm 3 even in a peripheral part thereof. 

(Comparative Example 1, 2) 

A conventional crystal (a diameter of 200 mm) 
having many grown-in defects (V region) by using 
the same single crystal-producing apparatus as 
Example 1 was produced on the following condition. 



25 



The flow amount of Ar gas was adjusted to 80 L/min 
(corresponding to 0.4 D) , the pressure in the 
furnace to 300 hPa (corresponding to 1.5 D) , and 
the growth rate to 1.0 mm/min (Comparative Example 
1) . The other conditions were the same as Example 
1 . 

Moreover, a silicon single crystal having low 
defect density was grown at a growth rate of 0.5 
mm/min under the same flow amount of Ar gas (80 
L/min) and the same pressure (300 hpa) as 
described above ( Comparative Example 2) . 

A silicon wafer was produced from each of the 
grown single crystals and Fe distribution in a 
plane of the wafer was measured as described above . 

In the wafer of Comparative Example 1 , there 
was no Fe contamination even in a peripheral part 
thereof as shown in fig. 6, however there were 
many grown-in defects in the entire plane of the 
wafer. In addition, the reason why there was no 
Fe contamination in a peripheral part thereof is 
thought that the pulling rate was high, Fe 
adhering to a surface of the crystal was small, 
and Fe diffusing inward in the crystal was small. 

On the other hand, the wafer obtained in 
Comparative Example 2 had low defect density, 
however, it was confirmed that as shown in Fig. 7, 
Fe concentration near 10-30 mm from a periphery of 
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the wafer was more than 1 x 10 11 atoms /cm 3 , and 
also a part with further more than 1 x 10 12 
atoms/cm 3 was shown, and Fe contamination occurred. 
This is thought because flow amount of Ar gas was 
smaller than that in Example 1 and much Fe adhered 
to a surface of the crystal during growth and a 
part of them was diffused inside the crystal. 

In addition, the present invention is not 
limited to the embodiments described above. The 
above-described embodiments are merely examples, 
and those" having the substantially same 
constitution as that described in the appended 
claims and providing the similar -working effects 
are included in the scope of the present invention. 

For example, the used single crystal-pulling 
apparatus is not limited to the one in Fig. 1 and 
there can be used all of the pulling apparatus 
that have a gas flow-guide cylinder and can be 
grown a single crystal so that the entire crystal 
becomes N region. Also, the inert gas is not 
limited to Ar, and the present invention can be 
applied in the case that other gases such as 
helium and nitrogen are provided. 
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